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The following research directions were ignited by the acquisition of the Renishaw InVia Raman Confocal
Microscope:

Semiconducting Nanoparticles for Future Biological and Medical Applications

This preliminary research focused on TiO, nanoparticles. These nanoparticles have been considered for
the following reasons: 1). Relatively small TiO, nanoparticles (average size below 50 nm) are available
from many vendors at a relatively low price. 2). TiO, is a semiconducting material. 3). The role of TiO, in
the generation of reactive oxygen species in the presence of water and electromagnetic radiation is well
documented. 4. The antibacterial features are still under debate.

Our point of view is that TiO, has antibacterial features solely if UV radiation (or component) is present.
Dark properties of TiO, may not include antibacterial features. Fig. 1 shows the typical Raman spectrum
of TiO, (anatase) at various powers and the assignment for each line. Spectrum has been recorded by

using the 785 nm incident laser beam.

Experimental Resulis: Raman of Anatase

The assignment of the
Raman lines of anatase.
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Figure 1. Raman spectrum of TiO2 powder

Dispersions of TiO, into a polymeric matrix (Polyethylene oxide; PEO) have been prepared by solution

method dissolving the polymer matrix in deionized water, mixing the solution with various amounts of



TiO,, sonicating the mixture 30 minutes for a good dispersion of the nanofiller and removing the residual
solvent by heating in an oven at 90 °C.

The Raman spectrum of PEO-TiO2 is shown in Fig. 2. It is easily noticed that the Raman lines of TiO,
dominates the wavelength ranging from 100 up to about 800 cm™, where the polymer has some weak
lines. This study indicated that the Raman spectrometer can detect quantities containing as low as 1%
wt. TiO, and indicated that the best line to focus on is the line located at about 125 cm™. This line, which

is the most intense component of the Raman spectrum of TiO,, is typically intense and narrow.
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Figure 2. Raman spectra of PEO-TiO, nanocomposites.

However, a shift of the Raman line, connected to the size of TiO, nanoparticles was noticed. The shift
may indicate also a change in the phase composition although Wide Angle X-Ray Scattering was not able

to support such hypothesis.
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Figure 3. The effect of the size of TiO, nanoparticle (anatase) on the Raman line located at about 140 em™,

Dispersions of TiO,-deionized water and TiO,-nutrients have been prepared. The recording of the Raman
spectra was difficult as the focal point for light did not coincides to the optical point for the Raman laser.
However, we have exploited the z scanning capability to obtain the Raman spectra of sediment TiO,
nanoparticles. It was confirmed that the spectral region between 100 and 200 cm™ is not affected by the
presence of water or nutrients. Next steps will include the study of TiO,-nutrients-bacteria systems and
the development of the accessories for dark and light investigations.

This topic was the central point of an undergraduate senior thesis (student Desiree Padilla) and of a
poster presentation at APS 2016.

Raman Investigations on carbon nanostructures dispersed within polymeric matrices.
PS-PI-PS-Graphene nanocomposites. Polystyrene-block polyisoprene - block polystyrene three block
copolymer purchased from Sigma Aldrich has been loaded with graphene nanoparticles purchased from

CheapTubes Inc., by using the solution method, with chloroform as solvent. The preliminary results were
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Figure 5 Raman spectra of PVC filled with SWNT-OH

included in the poster Microwave Irradiation on Graphene Dispersed Within Polymeric Matrices by

authors Jorge Cisneros, Brian Yust, Mircea Chipara, where Jorge Cisneros is an undergraduate student.

Another research aimed at OH functionalized single walled carbon nanotubes dispersed within

polyvinylchlorine (presented at the APS March meeting 2016) as PVC-OH Functionalized SWCNT

Nanocomposites by authors Andres Salgado, Robert Jones, Samantha Ramirez, Ibrahim Elamin, James

Hinthorne, Mircea Chipara.
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Figure 4. Thermal degradation of PVC-SWNT-OH nanocomposites in nitrogen atmosphere. TGA data.
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The Raman spectra at room temperature is shown in Fig. 4. We are focusing now at the effect of
temperature on the Raman spectra. According to TGA, the polymer exhibits a two steps degradation in
nitrogen (see Fig. 5) and oxygen atmosphere.

Additional information about preliminary results and experiments is included in the list of publications.
During this period, a single manuscript has been submitted for publication to Journal of Materials

Science (Springer).
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ABSTRACT

Carbon coated nickel nanoparticles dispersed within polystyrene-block polyisoprene-block
polystyrene have been investigated by Raman, X-Ray, SQUID, Differential Scanning
Calorimetry, and Electron Microscopy. The effect of nanofiller on the self-assembly features of
the block copolymer is reported. Preferential localization of nanofiller within the soft phase was
noticed below 20 % weight nanofiller. Higher loadings showed uniform distribution of nanofiller
within the block copolymer, consistent with the destruction of self-assembly. The effect of

nanoparticles' concentration on blocking temperature is discussed.

KEYWORDS:
Block copolymers; Self-assembly; Squid; DSC; XRD; magnetic properties.

INTRODUCTION
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Recent attention is focused on elastic materials with magnetic features for rheological
applications [1], electronics [2], energy [3], data storage [4], and future spintronics [5]. Medical
applications [6] are exploiting either the magnetic characteristics for controlled localization and
release of drugs or superparamagnetic features for contrast agents in Nuclear Magnetic
Resonance Imaging. Block copolymers (BC) such as polystyrene block polyisoprene block
polystyrene (PS-bPI-bPS) are attractive matrices, with excellent mechanical properties and rich
morphologies derived from their self-assembly capabilities. Dispersion of magnetic nanoparticles
(MN) within BC is expected to result in nanocomposites that combine the magnetic
characteristics with the elastic features of the matrix [7]. The ability of BC to spontaneously
reorganize in ordered structures at submicron scale opens the possibility of new nanomaterials,
where the MN are preferentially localized within a given phase of BC [8]. Preliminary data
revealed that barium ferrite MN are preferentially trapped within the soft domains (polyisoprene;
P1) [7].,[8] of PS-bPI-bPS.

Bulk Ni is a ferromagnet with Curie temperature (Tc) of 631 K, whose nanoparticle oxidizes
easily in air to NiO, an antiferromagnet with a Neel temperature (Ty) of 525 K. The blocking
temperature, Tg, IS the temperature at which magnetic properties are averaged out by thermal
motions. MNs are characterized by Tg rather than T¢ or Tyn. Tg depends on the size of MN
(decreases as the size is decreased) and on the distance between them (due to the competition
between dipolar and exchange interactions). Above Tg, nanoparticles are superparamagnetic.
Typically, MN with spherical morphology (such as Fe, Co, Ni) under 25 nm, are
superparamagnetic at room temperature (RT) [9]. The coating with C decreases both the
oxidation (by delaying the diffusion of oxygen) and the exchange interactions among MN,
allowing for a better dispersion. This justifies the choice of carbon coated Ni nanoparticles (Ni-
C) as filler.

EXPERIMENTAL

PS-bPI-bPS with average degree of polymerization 19,000 containing 17 % polystyrene (PS)
was acquired from Sigma-Aldrich. Ni-C, with average size of 20 nm, coated by a 1 nm layer of
carbon, was purchased from US Research Nanomaterials, Inc. Solutions of 10 % wt. PS-bPI-bPS
in chloroform were prepared and stirred at RT for 1 hour. MNs were dispersed by sonication in

chloroform for about 1 h, to enhance their dispersion. Then, these solutions were mixed and



sonicated at 500 W for 1 hour at RT. The as obtained dispersions were poured onto glass slides
and the solvent was removed in a vacuum oven at 75 °C for 12 hours. Full evaporation was
confirmed by TGA measurements in nitrogen. Films containing various amounts of Ni-C in PS-
bPI-bPS have been obtained and investigated by Electron Microscopy (Carl Zeiss microscope
with EDAX capabilities), X-Ray Diffraction (Bruker Discovery 8 operating in both Wide Angle
X-Ray Scattering, WAXS and Small Angle X-Ray Scattering, SAXS modes), Raman
Spectroscopy (Bruker Senterra confocal Raman microscope at 785 nm), and Differential
Scanning Calorimetry, DSC (Q 200 from TA Instruments). DSC data obtained during the second
heating/cooling cycle (at 10 °C/min).after a 10 minutes isothermal annealing at 200 °C, were

recorded. Magnetic properties were investigated by SQUID.

EXPERIMENTAL RESULTS AND DISCUSSIONS
PS-bPI-bPS has a quasi-continuous phase of P1 with spheres or cylinders of PS. Figs. 1A and 1B

show the electron microscopy of Ni-C and its elemental composition, respectively. The oxygen’s

presence reflects the partial
oxidation of Ni to NiO. Figs
1C-1G show the

nanocomposite containing 10%

Ni-C, and its elemental . Ni D 1 c
composition (Fig. 1D), g ‘E
. =
indicating well dispersed MN. 3 £
= < Ni
The distribution of atoms in 2 2 '
: 2|cO s| o
the sample loaded with 10 % © S
Energy Energy

wt. Ni-C is shown in Figs. 1H-
1l.

Fig. 2 collects the temperature
dependence of the
magnetization. Pristine Ni-C

50 nm

shows a magnetization (in
magnetic field of 100 Oe) of

Fig. 1. SEM of NiO (A) and its elemental composition (B). PS-bPI
bPS containing 10% wt. Ni-C (C, E, F, and G) and its elemental
about 3.7 emu/g at 375 K, in |composition (D). EDAX distribution of atoms (H, I) where red is
nickel, blue carbon, and cyan oxygen.
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agreement with literature [10]. Field cooled (FC)
and zero field cooled (ZFC) magnetization
branches have been measured as reported
elsewhere [11].

Fig. 2A depicts the temperature dependence of
the magnetization for FC and ZFC branches. The
splitting between the FC and ZFC branches of the
magnetization occurs at the splitting temperature,
Toire, @ temperature at which the largest particles
are frozen (Fig. 2A) [12], [13]. Toie is close to
the irreversible temperature Trg, defined by:
[Mec(Tirr)-Mzre(TirR)1/ Mrc(Tirr)<0.01,
Mec and Mzec are the sample magnetizations on
the FC and ZFC branches, respectively[14]. The

dependence of Tpjrr on Ni-C concentration is

where
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Fig. 2. (A).Temperature dependence of magne-
tization (FC and ZFC) for nanocomposites. (B).
Dependence of Tpr and Tg on Ni-C
concentration.

shown in Fig. 2B. Tper Is almost independent on
Ni-C concentration (within the experimental errors), due to the competition between dipolar and
exchange interactions as well as to the modification of the volume available to MN within the
BC. For a more accurate estimation of Tg, the temperature dependence of the magnetization
(ZFC branch) was modelled assuming the following additive contributions: a magnetic
contribution A/(T-T¢), where Tc is the Curie temperature, a blocking contribution C/{1+[(T-
Tg)/W]*}represented by a wide Lorentzian of width W centered on Tg, and a linear term D(T-
Ta), which takes into account the observed quasi-linear dependence of the magnetization on
temperature [15]. A, C and D were fitting constants. The best fit was obtained for A~0, and T¢
oscillating between 0 and -20 K, suggesting weak antiferromagnetic interactions consistent with
the oxidation of a thin layer of Ni. Tg was estimated to be in the range 220 to 340 K, in
agreement with other experimental data [16].

Tg increases as the loading with Ni-C is increased, reflecting the enhancement of dipole and
exchange interactions between MN (distance between MN is decreased) [15] (see Fig. 2B). A
quasilinear dependence of Tg on the mass fraction of Ni-C is expected [15]. Such a behavior is

confirmed by Fig. 2B.However, as the concentration of nanoparticles increases from 10 to 24 %



wt. Ni-C, the magnetization shows a local maxim at about wt. 15 % Ni-C followed by a sudden
decrease at about 24 % wt. Ni-C. This indicates that in the concentration range 0 to 20 % wt. Ni-
C nanoparticles, the MNs are preferentially located in the soft phase, owing to the segregation
between macromolecular chains (self-assembly capabilities of BC). This is consistent with a
drop of the distance between MN as their concentration is increased. As the concentration of
nanoparticles is increased above 20 % wt, the self-assembly capabilities are destroyed and the
whole BC volume becomes available to the MN (i.e. even the polystyrene domains are available
to MN). The transition from the localization of MN within the soft phase to the localization of
nanoparticles within the whole BC is equivalent to a sudden increase of the average distance
between MN, decreasing the contribution of dipole-dipole and exchange interactions.

The Raman spectra of nanocomposites are collected in Fig. 3. The most important lines of cis 1,4
Pl are [17] located at 498 (C-C-C deformation), 1001 (C-C stretching), 1375 (CH3 asymmetric
deformation), and 1673 (C=C stretching) cm™. Some Raman lines of PS and PI overlap (the most
intense PS Raman line located at 1001 cm™ overlaps with the most intense Raman line of PI).
However, the line at 2904 cm™ assigned solely to PS, was easily observed and identified. Fig. 3
shows that the Raman lines of PS-bPI-bPS are broadened rapidly by the addition of nanofiller.
This is a typical behavior assigned to a dephasing of Raman molecular motions due to the
interactions (collisions) between nanofiller and the chains of the polymeric matrix [18].

The carbon coating is extremely disordered contributing to a very weak and broad D band [19],
[20] barely visible within the nanocomposites with a high amount of filler. The graphitic band
(G-Band) [20] is almost absent.

Fig. 4A collects WAXS data. PS-bPI-bPS

D Band
spectrum consists of a single broad line, located at l @ Band
0 . | e SR l PS-bPI-bPS -24% Ni-C
19°. No narrow WAXS lines of PS-bPI-bPS are | 4. e
‘q frein PS-bPI-bPS -15% Ni-C
expected at room temperature as the Pl |5 ,.....\_‘____\
- (] PS-bPI-bPS -10% Ni-C
component is melted at RT and the PS component |< sooo
,é‘ 1 PS-bPI-bPS -5% Ni-C
is amorphous (atactic). The carbon shell of MNs |5
is expected to show a weak signal at about 21° |§ **] o
©
- - - l
[21], which probably is masked by the broad line -~
8000 : : : : : PS—bP\—bF:S -0% N\—CI
1 1 1 1 500 1000 1500 2000 2500 3000 3500
assigned to the polymeric matrix. Fig. 4B shows Raman Shift [ e ]
in more detail the lines due to the face cubic [Fig- 3. Raman spectra of nanocomposites.
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centered Ni nanoparticles, with typical lines at 44°, 52° and 76° assigned to (111), (200) and
(220) reflections in Ni [12], [22], [21]. No hexagonal close packed Ni crystallites were observed
[23]. The weak line at 75°, was assigned to NiO [24] supporting the Ni-C oxidation. The lines
marked with x in Figs 4 originate from the Al substrate. A splitting of all lines assigned to Ni
was noticed for doping level above 20 % wt. Ni-C. Tentatively, this splitting was assigned to the
filling of both Pl and PS domain with Ni-C at high concentration of nanoparticles (due to the
destruction of the self-assembly). At low concentration of Ni-C, most nanoparticles are
accommodated within the soft Pl phase.

Fig. 4C collects the SAXS spectra. It is noticed p

the presence of a relatively narrow line at very —

small angles and the shift of the position of this

K @ B &
=] 2 =} =]
=1 =1 o a
& =1 & a
e o -} =]

Line Amplitude [ Arb. Units |

line (accompanied by a drop of the amplitude) .
towards larger angles as the amount of filler is || .
increased. This spectrum confirms the existence _ “_‘,H =

of a statistical order at the nanometer scale, Lne poston 201°)

confirming the local self-assembly.
DSC data provided additional support. As noticed |f
from Fig. 5A, both the pristine polymer and the = ’”Z"'f; ™
nanocomposites show no melting/crystallization. || ’ b zees ﬁ

A weak glass transition is noticed at 100 °C. This [~ . [ )

T e ——
50 &0 70

Line Amplitude | Arb. Units |

is the typical glass transition temperature (Tg) of T e e w

]

polystyrene. In the low temperature range, at
about -60 °C another T¢ assigned to the rubber

component (Pl) was observed. As expected, the

BC is not compatible, showing clear phase

Line Amplitude [Arb. Units)
- o]
o o
= =
o o

separation. More detail is available from Figs. 5B,

5C, where the derivative of the heat exchange 01

0.0 0.1 0.2 0.3

with respect to the temperature was represented Angle 261°)
Fig. 4. (A).WAXS spectra. (B). Detailed WAXS
lines of Ni-C. (C). SAXS spectra.

|
24 % M

as a function of temperature. In this

representation, the Tg is represented by an

extreme (actually the lowest value). It is observed that the T of Pl decreases as the
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concentration of the filler is increased. This

indicates an increase of the free volume T T

suggesting a strong stretching of the PI phase due
T PS-bPI-bPS+ 40 % Ni-C

to the addition of the nanofiller. This free volume

PS-bPI-bPS* 10 % Ni-C

Heat Transfer [ J/g |

is generated on the expense of PS available free B

PS-bPI-bPS+ 0 % Ni-C

volume, which is decreased, forcing the Tg of the
hard phase (PS) to shift upwards. At high loading e b m e

Temperature [ °C ]

with MN this is also the mechanism that destroys 002
the self-assembly of the BC. "

B PS-bPI-bPS+ 40 % Ni-C

PS-bPI-bPS+ 10 % Ni-C

PS-bPI-bPS+0 % Ni-C Temperature [ °C ]

CONCLUSIONS
The uniform dispersion of Ni-C nanoparticles
within PS-bPI-bPS was confirmed. DSC data

revealed shifts of Tg, for both soft and hard R ‘ ‘ _ Temperature [ 'C ]

T
-65 -60 -55 -50 -45 -40

T T T
100 110 115
027 PS-bPIbPS+0% Ni-C

Pl BP|-l o Nj-
T(I;I TG PS-bPI-bPS+ 10 % Ni-C

Heat Derivative [ Arb. Units ]

Cc

mponen nsistent with th referential
components - consistent th the preferentia Fig. 5. (A). DSC thermograms. The derivative of

localization of the nanofiller in the soft domains [the heat exchange as a function of temperature]

and self-assembly destruction at high loading. showing the T of PS (B) and P1 (C).

Magnetization data indicated that the self-

assembly is destroyed at loading in excess of 15 % with Ni-C nanoparticles, in agreement with
DSC data. The self-assembly of the polymeric matrix was confirmed by SAXS measurements.
Raman spectroscopy confirmed the presence of carbon coatings on Ni-C. X-Ray data were
consistent with DSC data, indicating no crystalline component within BC. WAXS data supported
the presence of cubic Ni nanoparticles with a small admixture of NiO, consistent with

magnetization data.
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Figure Caption
Fig. 1. SEM of NiO (A) and its elemental composition (B). PS-bPI-bPS containing 10% wt. Ni-C (C,
E, F, and G) and its elemental composition (D). EDAX distribution of atoms (H, 1) where red is

nickel, blue carbon, and cyan oxygen.

Fig. 2. (A). Temperature dependence of magnetization (FC and ZFC) for nanocomposites. (B).

Dependence of Tpjer and Tg on Ni-C concentration.

Fig. 3. Raman spectra of nanocomposites.

Fig. 4. (A).WAXS spectra. (B). Detailed WAXS lines of Ni-C. (C). SAXS spectra.

Fig. 5. (A). DSC thermograms. The derivative of the heat exchange as a function of temperature

showing the Tg of PS (B) and PI (C).
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